An inactive premicellar/micellar {Surfactant-MnO 4 -} aggregate has been found to inhibit the rate of oxidation of disaccharides viz. maltose and lactose by alkaline KMnO 4 . The order of reaction in oxidant is unity while that in Substrate and alkali has been found to decrease from unity at higher [Substrate] and [OH -], respectively. The observed rate constants were in order of k aq > k NaLS > k Tx-100 > k CTAB , which has been explained in terms of electrostatic and hydrophobic forces.
INTRODUCTION
The permanganate oxidation process is eco-friendly and gained importance in green chemistry. The synthetic and mechanistic aspects of permanganate have recently been discussed by Mishra et al 1 .
Due to biological importance of carbohydrates to living organism the kinetics of oxidation of sugars have also been a subject of extensive research [2] [3] [4] [5] [6] [7] [8] [9] [10] .Micelles have become a subject of great interest [11] [12] [13] [14] [15] [16] [17] to the organic chemists because of their unusual catalysis of organic reactions and to biochemists because of their similarity to biological membrane and globular proteins. The reaction in micellar media may follow two patterns, one in which the surfactants provides a medium for reaction but does not participate in it. The second type includes the reactions in which the surfactant does participate directly in the reaction, either as a catalyst or a substrate.
In some cases an inhibition effect of surfactants on the rate of oxidation of organic compounds has been observed [18] [19] [20] [21] [22] due to formation of inactive {substrate -surfactant} aggregates .However , an inhibition effect of surfactants on the rate of oxidation of glucose and fructose (monosaccharides) by alkaline KMnO 4 was found 23 , due to formation of inactive {KMnO 4 -Surfactant} aggregates. It was, therefore, thought worthwhile to extend the study in case of disaccharides in order to understand mechanistic aspects of the reaction. In the present investigation the kinetics of oxidation of two disaccharides viz maltose and lactose by alkaline KMnO 4 in presence of anionic surfactant (sodium lauryl sulphate,NaLS),cationic surfactant (cetyl tri-methyl ammonium bromide,CTAB) and non-ionic surfactant (TitronX-100,Tx-100) have been studied and the results are reported in the present communication. 25 and Tx-100 26 , respectively at 25 o C. All other reagents viz. sodium hydroxide(NaOH), sodium nitrate (NaNO 3 ) etc. were used of AR grade. All the solutions including that of surfactants were prepared in doubly distilled water.
EXPERIMENTAL
Method:-To a reaction mixture containing appropriate quantities of solutions of KMnO 4 , NaOH, NaNO 3 , surfactants and required amount of doubly distilled water was added so that the total volume of mixture was 50 ml after adding substrate (maltose/lactose).The reaction mixture was then placed in a water bath maintained at desired temperature ± 0.1 o C. The reaction mixture was allowed to attain the bath temperature. The reaction was then initiated by adding requisite amount of maltose/lactose placed separately in the same bath. The rates were measured by monitoring the absorbance due to KMnO 4 as function of time at 520 nm (l max of KMnO 4 ) on a spectrophotometer (Toshniwal, TVSP-25, India).
The absorbance due to other substance i.e. surfactants, substrate etc was negligible. The concentration of KMnO 4 was kept within the limits of Beer's law.
Determination of Rate Constants:-The reactions were studied at different initial concentrations of reactants in absence as well as in the presence of surfactants. The log (Absorbance) versus time plots (Fig.1 ) was found to be good straight lines, suggesting a first order dependence of rate with respect to MnO 4 -. [NaLS], in presence of 3.0 x 10 -3 mol dm -3 Tx-100 and in presence of 0.50 x 10 -4 mol dm -3 CTAB, respectively.
Therefore, the pseudo-first order rate constants in MnO 4 -(k obs ) have been evaluated from the slopes of these straight lines. The reported rate constant data, represented as an average of duplicate runs, were reproducible to within ± 5%.
Stoichiometry and Product Analysis:
The stoichiometry of the reactions between maltose/lactose and alkaline KMnO 4 in absence as well as in presence of surfactants has been studied. The reaction mixtures containing a large excess of MnO 4 -over maltose/lactose in alkaline medium in presence and absence of surfactants were kept for 72 h at 40 o C until the reaction was complete. Estimation of unreacted MnO 4 -showed that 1 mol of maltose or lactose consumes 12 mols of MnO 4 -. Chromotropic acid (1, 8-dihydro-napthalene-3, b-disulfonic acid) was added to reaction mixture. The development of a violet pink colour confirmed the presence of formic acid in the reaction mixture 27 .The Formation of lower sugar has also been reported earlier 28 . Thus the products of lactose and maltose under the kinetic conditions are formic acid corresponding lower sugars.
RESULTS AND DISCUSSIONS
Although the oxidation of some monosaccharide's by alkaline MnO 4 -is reported 29 , in order to compare the kinetic results of oxidation of maltose and lactose by alkaline MnO 4 -with those in presence of surfactants we have investigated the detail kinetics of reactions in absence as well as in presence of surfactants at constant ionic strength (0.2 mol dm -3 ) maintained by NaNO 3 . The observed pseudo first order rate constants in absence and in the presence of each surfactant at various [MnO 4 -] 0 remained identical ( .
Tx-100, respectively. It is observed from the results that (k obs ) decreases on increasing the [Surfactant] . The retarding effect of NaLS and CTAB on the rate of oxidation (or on k obs ) has been observed below CMC of the surfactants. However, the inhibition effect of [Tx-100] on the rate of oxidation (or on k obs ) was observed at above the CMC (1.6 x 10 -4 mol dm -3 ) of the surfactant. The intercepts of the plots of (k obs ) versus [Surfactant] (Fig.4-6) were matching with the observed rate constants at [Surfactant] = 0.
The effect of ionic strength on the rate of oxidation was investigated by varying the concentration of NaNO 3 and keeping other reactants at a fixed concentration. The observed rate constants (k obs ) are reported in (Table 3 ). The value of k obs was found increased with an increase in NaNO 3 concentration, suggesting an involvement of similar charged ions in the rate determining step.
The activation parameters (DE act # , DH # and DS # ) in presence as well as in absence of the surfactants have been evaluated using Arrhenius and Eyring equations with second order rate constant determined at 35, 40, 45 0 C and are reported in (Table 4) . The large values of DE act # and DH # in presence of surfactants in comparison to those in aqueous medium are in consistent with the accepted view that the slow reaction (in the presence of surfactants) would require a higher DE act # / DH # . The entropy of activation DS # in the presence of surfactants is less negative, which suggests that the reactants become relatively more rigid in presence of surfactants. This is not surprising in view of the binding association of one of the reactants (MnO 4 -) with surfactants. In absence of the other reactants these anions undergo epimerization and isomerization to form mixture of aldoses and ketoses (The Lobry deBruyn alberda Van Ekenstion Transformations Aldoses and ketoses generally yield a mixture of Z-and E-enediols, the proportion of which differ from sugar to sugar and experimental conditions viz. Strength and nature of alkali and temperature. In presence of an oxidant or a catalyst, the enediol anion has been considered as the reactive species of the reducing sugar. There are evidences 30 for the formation of small complexes between surfactant molecules and substrate as oxidant at the concentration of the surfactant below CMC. In such instances the catalysis or inhibition occurs at the surfactant concentrations lower than that for CMC. The inhibition effect of surfactants on the rate of oxidation of reducing sugars by alkaline hexacyanoferrate(III) (Fe(CN) 6 3-) has been explained 2 on the basis of formation of [Substrate-Surfactant] aggregates and its inactively towards Fe(CN) 6 3-.However, in the present investigations, the reactions have been studied in high ionic strength. The kinetic results are also different. The premicellar inhibition has been observed in case of both the ionic surfactants viz. NaLS and CTAB; it therefore, appears that reactions follow a different mechanism. On the basis of the observed kinetic results, it appears that the surfactant molecules form an inactive aggregate with MnO 4 -i.e. {MnO 4 --Surfactant} aggregates.
Thus, a common mechanism for oxidation of disaccharides by alkaline KMnO 4 in presence of surfactants may be proposed as given in scheme 1.
Scheme 1 In Absence of Surfactants
Steps (i), (ii) and (iii) of Scheme 1 represents the mechanism in absence of surfactants. According to Scheme 1, the rate of disappearance of MnO 4 -in absence of surfactant may be given as,
- (1 On substituting the value of [I] in equation (1), the rate law becomes, -
The rate law (7) suggests, first order dependence of rate with respect to [MnO 4 -] and a decrease of order of reaction from unity to zero in substrate and OH -at higher concentration of reducing sugar and OH -, respectively. The experimental results in absence of the surfactant are in agreement with rate law (7) . A positive effect of ionic strength is also in favour of the proposed mechanism.
In Presence of Surfactants:
In presence of surfactant, the step (iv) of the proposed mechanism (Scheme 1) is also operative and, therefore, total concentration of [MnO 4 -] T may be given as 
The rate law (9) suggests a retarding effect of surfactant on the rate of reaction, which has also been observed experimentally.
The formation of aggregate/complex between MnO 4 -and surfactant depends on electrostatic and hydrophobic forces. In case of NaLS, the electrostatic repulsion between negatively charged MnO 4 -and anionic surfactant opposes the binding between NaLS and MnO 4 -. Thus in case of NaLS hydrophobic interaction favours the binding whereas electrostatic repulsion apposes it. Consequently the binding between NaLS and MnO 4 -should be much less and therefore, the retarding effect of NaLS should be less.
In case of CTAB, the electrostatic attraction between MnO 4 -and positively charged surfactant favor the binding between MnO 4 -and CTAB in addition to hydrophobic interactions. Thus the aggregation or complex formation will dominate and in case of CTAB. Consequently retarding effect of CTAB on the rate of reaction should be very high.
There are no electrostatic interaction with polar head groups of non-ionic surfactants i.e. triton X-100. The poly (oxyethylene) head groups of non-ionic surfactants play a significant role in favoring the incorporation or solubilation of the MnO 4 -in the micelles. The binding between the MnO 4 -and triton X-100 should be between NaLS and CTAB.
CONCLUSION
A premicellar inhibition of anionic and cationic surfactants and a micellar inhibition of non-ionic surfactant has been observed in the alkaline KMnO 4 oxidation of disaccharides.
The observed experimental rate constants in NaLS, CTAB and Tx-100 are in order of k aq > k NaLS > k TX-100 > k CTAB suggesting highest retardation of rate by CTAB. The experimental results are in agreement with the proposed mechanism. Thus the inhibition effect is observed due to formation of inactive premicellar/micellar {Surfactant-MnO 4 } aggregates.
